We propose to add dissolved oxygen sensors to the Argo (Global array of free-drifting profiling floats) float program in order to determine, on a global-scale, seasonal to decadal time-scale variations in dissolved oxygen concentrations throughout the upper ocean. Such observations are especially important to document the ocean's expected loss of oxygen as a result of ocean warming, but there are many other benefits including the opportunity to estimate net community and export production, the assessment of changes in low oxygen regions, and improved estimates of the oceanic uptake of anthropogenic C O2 .
The proposed joint Argo-Oxygen program is made possible by the recent development of dissolved oxygen sensors that are both precise and stable over extended periods and can be easily integrated with the currently used Argo floats. Results from the more than 200 oxygen equipped Argo float have not only demonstrated the feasibility of the program, but also produced already many insights and discoveries. Achieving the main goal of the Argo-Oxygen program does not require any appreciable changes in the deployment and operating strategies of the current Argo program and can therefore be implemented without a significant impact on Argo's core mission.
A two-phase implementation is proposed, consisting of a small set of regional pilot-studies, followed by a buildup toward a global implementation. The cost of adding oxygen sensors to all floats of the Argo program is estimated to be about USD 4.2 million per year. The proposed Argo-Oxygen program will add substantial value to Argo by expanding the number of Argo data users, as well as by creating new synergies between the physical and the biogeochemical ocean research communities. The new observations will also contribute to the activities of various international networks and partnerships for Earth Observing Systems.
INTRODUCTION
The oceans have warmed considerably in the last few decades, and are projected to warm even more by the end of this century. The impacts of this heat uptake on ocean circulation, ocean biogeochemistry, and biology are not well established. One important reason for this limited understanding is the chronic spatial and temporal undersampling of the ocean. The highly successful Argo has fundamentally altered this situation for physical properties, since for the first time, the ocean's interior has become accessible to observations at adequate temporal and spatial scales (e.g. [1] ).
This dramatic shift in observational capabilities has not yet been paralleled by similar advances in observations of the large-scale biogeochemical and biological state of the ocean. At present, the primary mode of observing the ocean's interior evolution of biogeochemically and biologically relevant properties is by sampling from research vessels. To date, the most ambitious international program to map out the distribution of biogeochemical tracers in the ocean was the global CO 2 survey undertaken jointly by the World Oceanographic Circulation Experiment (WOCE), the Joint Global Ocean Flux Study (JGOFS) , and a few other national programs [2] . This survey, which took a decade to complete, resulted in the order of 100,000 biogeochemically relevant measurements, increasing the total number of observations for many parameters up to tenfold. However, this survey was largely a one-time snapshot, providing limited information about temporal evolution. Subsequently, a new international program was launched -the Repeat Hydrography Program (see [3] -but despite very substantial international efforts, the average time between repeats of hydrographic sections is about a decade, with large parts of the ocean not being sampled at all.
This repeat cycle and sparse spatial sampling is adequate for determining the long-term increase of the oceanic carbon content in response to the increase of atmospheric CO 2 [4] , but a decade is substantially longer than the seasonal to sub-decadal time-scale that characterizes much of the thermocline variability in many biogeochemical parameters, as exemplified by the rapid changes in thermocline oxygen concentrations seen in the northeastern North Atlantic along 20ºW (Fig. 1 ). In addition, the relatively coarse spatial separation between sections is likely to be barely adequate to resolve sub-basin-scale variations in gyres and their water properties. cruises. From [5] .
These undersampling problems could be easily overcome if biogeochemical or biological sensors could be added to profiling floats. However, until very recently, such biogeochemical /biological sensors suitable for use on Argo-type floats were not available. The rapid recent development in sensor technology [6] makes the expansion and augmentation of the Argo network for biogeochemistry/biology now possible. By far the most advanced sensors in terms of development and long-term experience with deployment on Argo floats are those for dissolved oxygen (O 2 ) ( Fig. 2 ) (see [7] ) for a discussion of other biogeochemical/biological sensors This white paper aims to develop and present the scientific justification as well as the practicality of adding O 2 sensors to the Argo array in order to determine the seasonal to decadal time-scale variations of the ocean's oxygen content. The Argo-Oxygen program will constitute an order of magnitude or more increase in our ability to observe the biogeochemical state of the ocean, with repercussions and benefits for many other aspects of oceanography.
Why is a full-fledged observatory of oxygen in the ocean needed? The (mostly) decreasing trends in the concentrations of dissolved oxygen in the ocean over the last few decades (cf. [11] [12] [13] ) have important implications for our understanding of anthropogenic climate change. The absolute amount of oxygen in a given location is very sensitive to changes in circulation and biology. It may be more sensitive, perhaps, than other physical and chemical parameters. Oceanic oxygen has therefore been proposed as a bellwether indicator of climate change, analogous to the canary in the coal mine [14] . But, as we will show below, an enhanced oxygen observatory in the ocean can do much more for us.
Oceanic measurements of dissolved oxygen have a long history, and oxygen is the third-most oft-measured water property (behind temperature and salinity). By joining forces under the Argo sail, oceanographers from various parts of the community could foster a renaissance of oxygen as a classical oceanographic parameter, helping us identify and understand global climate change.
SCIENTIFIC OBJECTIVE
The key scientific objective of the Argo-Oxygen program is
To determine seasonal to decadal-time variability in sub-surface ocean oxygen storage and transport on a global scale.
As the temporal and spatial scales of oxygen variability are similar to those of temperature, and the Argo array is designed to achieve these objectives for temperature, they can be achieved for oxygen by extending the presently operating global Argo program to include oxygen sensors on their floats, without requiring any changes in the operating cycle of the floats. However, achieving these objectives requires accurate and precise long-term measurements of the dissolved oxygen concentration as outlined in more detail below.
SCIENTIFIC RATIONALE
There are many scientific reasons for undertaking detailed global-scale measurements of the temporal evolution of the ocean's oxygen distribution. These include: We subsequently discuss only the first two rationales. Readers interested in the other justifications are referred to [15] .
Detect and document the ocean's deoxygenation
Model simulations indicate that the ocean's oxygen content will respond very sensitively to global ocean warming, with the magnitude of the oxygen loss (deoxygenation) exceeding that expected on the basis of the solubility decrease by a factor of 3 to 4 [cf. 13] . This prediction is a result of biologically/physically induced changes in the oxygen outgassing flux, which tend to act in concert with those induced by heating/cooling [16] .
The expected ocean deoxygenation may be quite substantial, i.e. up to a 17% reduction of the ocean's oxygen content by 2100 [16] . This reduction will be accompanied with a substantial increase in the extent of the oxygen minimum zones. Reference [17] suggested a doubling of the regions with suboxia (O 2 < 10 µmol kg -1 ), i.e. a doubling of the marine "dead-zones" with severe implications for all higher life-forms and for long-term nutrient inventories and cycles. Reference [18] showed that some of these low-oxygen regions have already experienced a substantial oxygen loss over the last 40 years (Fig. 3 ). [18] .
Presently available observations of the long-term evolution of the ocean's oxygen content largely show decreases in the oxygen content (cf. [13] and references therein) consistent with the expected trend based on the ocean's warming. However, there are also regions where oxygen has increased recently such as the southern Indian Ocean [19] , possibly reflecting natural variability in the oceanic system. The lengths of the records and the small number of regions with repeat sampling make it impossible to extrapolate these observations to larger regions or even to the globe in order to assess the global-scale oxygen balance of the ocean. The addition of oxygen sensors to the Argo array would in a few years alleviate the overwhelming undersampling problem for oxygen. However, the requirement to detect long-term changes in oceanic oxygen also places serious demands on the accuracy and long-term stability of the oxygen sensors (see below).
Prediction and assessment of anoxic or hypoxic events
Hypoxic or anoxic events in coastal waters represent a substantial threat to many coastal habitats, causing substantial environmental and economic damages (e.g. [20] ). Although coastal eutrophication is an important driver for such events, the initial oxygen concentration of the deep-ocean waters advecting into the near-shore environments is an important determinant as well (e.g. [21] ). For example, anomalous intrusions of Subarctic water into the California Current System led to the developments of severe inner-shelf hypoxia along the Oregon Coast and resultant mass mortality of fish and invertebrates in the summer 2002 [22] and 2006 [23] .
Ref [24] present evidence of a long-term decline of oxygen in the St. Lawrence Estuary (Canada) from intrusions of oxygen-poor oceanic water. Therefore, detailed measurements of the oxygen concentrations in the open ocean source waters will permit much better prediction and assessment of such hypoxic or anoxic events. Such hypoxic events may become more frequent in the future, as global warming increased stratification of the open ocean will tend to decrease the oxygen concentration of the waters that usually advect toward the shore. This process may underlie already part of the trend toward more intense, longer, and more frequent coastal hypoxic events that has been observed in the last few decades [25] .
SHOWCASE EXAMPLE

Ocean Productivity constraints in the subtropical gyres
Two floats, both equipped with Seabird SBE43 sensors for dissolved oxygen, were deployed in the subtropical Pacific to assess the balance of oxygen production and consumption, i.e. net community production [26] . One float (894) collected measurements for three years in the vicinity of the Hawaii Ocean Time series (HOT) station (23°N, 158°W), whereas a second one (1326) collected profiles for 3 years near 22°S, 120°W in the South Pacific. The two floats performed exceptionally well, providing unprecedented new information about the seasonal evolution of upper ocean oxygen (Fig. 4) . Thanks to the proximity of the HOT time series station, the stability and performance of float 894 could be assessed in great detail. Analyses of the data from 1800 m demonstrates that the SBE sensor had a precision and stability over three years of better than 1.5 µmol kg -1 . The accuracy was not as good, but within the manufacturer's specifications.
These data are well suited to examining the oxygen balance and net community production of subtropical waters because of the relatively rapid ten-day sampling time, high stability and precision of the oxygen measurements, and the fact that these floats remained in nearly homogeneous regions of the ocean for an extended period. From the rate of oxygen accumulation underneath the surface mixed layer, an annual mean net community production of about 1.6±0.2 mol C m -2 yr -1 for the area near the HOT site, and 0.9±0.4 mol C m -2 yr -1 for the South Pacific area was estimated. The former compares well with a series of independent estimates (e.g., [27] ), while the latter constitutes the first estimate of net community production in the South Pacific subtropical gyre. 
TECHNICAL ASPECTS: PRESENT STATUS AND DEVELOPMENT NEEDS
Sensors
To date, two types of dissolved O 2 sensors have been employed on profiling floats. The SBE-IDO (Sea-Bird Electronics-Integrated Dissolved Oxygen) (formerly known as the SBE-43) implementation, from SeaBird Electronics, is an electrochemical sensor (Clark cell) [28] whose design is similar to the O 2 sensors on SeaBird shipboard CTD units. The Aanderaa Optode is an optical sensor that operates on the principle of fluorescence quenching [10] . The IDO sensor is fully integrated into the SeaBird float CTD system ( Fig. 2 , left; note that over 90% of Argo floats currently employ a SeaBird CTD system), while the optode is mounted onto the end cap.
The accuracy and precision requirements for the sensors to meet the scientific goal described above are quite stringent. For accuracy, we determined a threshold of about 5 µmol kg -1 and a target of 1 µmol kg -1 (threshold is the level above which the data are of insufficient quality to address scientific objectives, while the target is the desired level of data quality). For precision, we consider a threshold of 2 µmol kg -1 as acceptable, while the target precision should be 0.5 µmol kg -1 . These requirements are based on two main considerations: First, this level of precision and accuracy is required in order to properly observe the seasonal amplitude of oxygen in the upper thermocline, which amounts to about 10 to 20 µmol kg -1 (e.g. [26 and 29] ). Second, the expected long-term trend of oxygen in the upper ocean as a result of ocean deoxygenation amounts to about 5 to 20 µmol kg -1 over a decade [13] , putting stringent constraints on accuracy and long-term drift as well. We thus ask that the long-term drift should not exceed the threshold accuracy. However, we envision that some of the long-term drift problems can be corrected by combining the oxygen measurements from the floats with independent measurements, taken, for example, from repeat hydrography cruises. There exist also the possibility to use air measurements to assess drift (see below).
Another issue of importance is the response (equilibration) time of the sensor plus the time it takes for the actual measurement. This total measurement time is a crucial factor, since measurements need to be taken during transit through a vertical oxygen gradient. , total measurement times (i.e. e-folding times) of considerably more than 10 seconds will result in a smearing-out effect that can lead to errors of a magnitude comparable to the target accuracy of 1 µmol kg -1 [9] . Therefore, total measurement times of less than 10 seconds are preferred, while 30 seconds is about the threshold. For deployments in systems that are characterized by extremely strong vertical gradients in dissolved oxygen (up to 18 µmol kg -1 m -1 ), the required response time would have to be shorter.
Reference [17] summarized the studies that have been undertaken so far with regard to the precision, accuracy, stability, and response time of the two sensors. Their conclusion, which is still more or less valid at this point in time (September 2009), is that both sensors have their strengths and weaknesses with regard to these criteria.
The advantages of the Optode sensor appear to be its excellent long-term stability and high precision. It also appears to be accurate provided that it has sufficient time to come into equilibrium with the surrounding temperature and oxygen concentration and provided that its temperature response has been carefully calibrated (possibly by individual sensor factory-calibration plus in-situ calibration check/correction based on concomitant Winkler profile). In addition, the Optode sensor provides for the opportunity to use atmospheric O 2 as a calibration [9] . The main disadvantage of the current generation Optode sensor is its relatively slow response time, which tends to lead to problems in the upper ocean, where vertical gradients in dissolved oxygen and temperature are greatest. A new Optode sensor is now on the market (4330F) with a much faster response time, but no long-term deployments with floats have been undertaken so far, preventing us from assessing its performance. The advantage of the IDO is its high precision and its faster response time. It tends to be somewhat less accurate than the Optode sensor and also tends to have higher drift.
Relative to the threshold and target specifications of the program, both sensors do well with regard to precision, but improvements are needed in terms of accuracy and long-term stability for both sensors. For the Optode, improvements in its response time behavior are also needed, even for the newer sensor with faster response time.
This assessment is based on the current generation of sensors. However, both companies are currently in the process of improving their sensors. Nevertheless, the high levels of accuracy and precision needed to address some of the scientific questions outlined above will likely require additional careful testing and calibration of the sensors before deployment of these sensors in large numbers is undertaken, and significant postprocessing of the data will likely be required.
Sensor integration & communications & energy requirements
Most oxygen sensors deployed to date (about equal numbers of Optodes (optical sensors) and IDO) have been installed on APEX floats. The Anderaa Optode has been installed also on Provor floats, and several successful deployments have been undertaken. In the latter float type, the sensor was installed in the bottom for space reasons. However, the system is currently being redesigned to accommodate also a mounting at the top in order to benefit from the potential to use atmospheric O 2 to assess the long-term stability.
The exact operation of the oxygen-equipped float depends primarily on the communication protocol being used as this determines how much data can be transmitted at the surface. For the future, it is anticipated that Iridium or a similarly fast system is the primary communication protocol employed. In such a case, 1000 measurements are being taken, resulting in a very fine vertical resolution. For more details, the reader is referred to [15] ).
The actual increase in energy required to operate a dissolved O 2 sensor in four APEX cases (ARGOS-IDO, ARGOS-Optode, Iridium-IDO, and Iridium-Optode) has been measured recently at the UW Float Lab using floats that were under pressure. Using this information, the maximum number of profiles and the maximum float lifetime has been estimated, assuming that profiles are collected at 10-day intervals and assuming that floats will fail due to dead batteries. In addition, it is assumed that the floats are equipped with 3 lithium battery packs. These analyses reveal that the addition of dissolved oxygen sensors will reduce the float lifetime by between 10% to 30%, depending on the exact configuration.
Current costs estimates
The costs of the proposed Argo-Oxygen program arise from the sum of several components. The following elements need to be considered: (i) costs of the oxygen sensors, (ii) costs for adding the sensors to the floats, (iii) costs for testing or calibrating the sensors, (iv) costs affecting the float lifetime from any increased energy demand from sensor operation, float operation, or increased data transmission requirements, (v) telecommunications costs, (vi) costs for data handling, and (vii) costs for data quality control. These additional expenses have to be compared to the costs associated with a standard Argo float that measures temperature and salinity only.
The total estimated 5-year cost per float of the ArgoOxygen program above the core Argo mission comes to about US$6500 to US$9200, or about US$1300 to US$1840 per float and year (see Table 1 ). These estimates are based on actual measurements plus the experience from tens of float deployments undertaken by the UW float group (see [15] for details). With a profile every 10 days, the per profile cost amounts to between US$36 and US$50. If we disregard the APEX/ARGOS/IDO option, which is particularly expensive due to its substantial reduction in float lifetime, this represents an increase of roughly 40% relative to the cost of operating the core mission of Argo. 
NOTES:
a: Estimated from the relative reduction of the float life-time given in Table 3 and the total purchase cost of an APEX T/S float given in Table 4 , i.e. US$14,000 for an APEX/ARGOS float and US$16,000 for an APEX/Iridium float.
b: Estimate based on experience with quality control for salinity.
c: Relative to the total 5 year operation cost of an APEX T/S float, i.e. US$15,800 for an APEX/ARGOS float and US$17,530 for an APEX/Iridium float.
Summary and Recommended Action Items for the near-term
In conclusion, the technology for an Argo-Oxygen program is nearly ready, but several problems with the sensors and their integration with CTD units need to be solved before a global-scale deployment is justifiable.
The good news is that the problems noted here, while not unimportant, are solvable in the near-term. In order to accelerate progress, we recommend that the following action items be implemented as soon as possible:
(1) Continue Sensor development: Drift problems with the IDO and long response times for the Optode limit the usefulness of these two very promising sensors. Continuing development and testing of these two sensors should be encouraged in order to improve their performance.
(2) Improve Calibration: The manufacturers should be encouraged to redouble their efforts at understanding the calibration problems and provide remedies as soon as possible. Many of these action items are already being addressed at the time of writing, so that we can expect much progress in the coming months.
IMPLEMENTATION
Overview
In the last few years, more than 200 floats bearing oxygen sensors have been deployed so far. Most of them are still active, with 160 floats having reported data during 20 days in May 2009 (Fig. 5) . The distribution of these floats is not the result of a coordinated effort, but reflects the scientific interests of the pioneering PIs who deployed them. As a result, the currently deployed oxygen equipped floats do not form a larger-scale observing network, although they could provide the seeds for it. Therefore, one option for the implementation of the Argo-Oxygen program envisioned here is to directly build on these pioneering efforts and simply increase the number of deployments until a satisfactory global network is achieved. However, the current status of the sensor development as well as open issues with regard to communication, data handling, and data quality control suggest that it may be prudent to implement the Argo-Oxygen program in two distinct stages, i.e. a pilot phase, wherein the effort is focused on a few regions only, followed by the global implementation phase. Detailed planning for both phases is well beyond the scope of this CWP, so we limit our discussion to the delineation of a road map. 
Pilot phase
The main goals of the pilot phase are (i) to prove the feasibility and value of the proposed Argo-Oxygen Program, and (ii) to provide for a well-sampled testing ground that permits an examination and solution of outstanding issues associated with sensor quality, data transmission, data handling and data quality control. It will also serve as a pilot project for the development of new data analyses and interpretation approaches, including data assimilation. Experience from the pilot phase will be directly fed into the planning for the global implementation.
For the pilot phase, a few regions should be selected and then instrument with a large number of floats with oxygen sensors in order to ensure that the spatial and temporal variability of oxygen in this region is well resolved, perhaps even over-sampled. It is envisioned that many floats will carry multiple oxygen sensors in order to assess the relative performance of the sensors. The main criterion for determining the selection of the region is that the temporal and spatial dynamical nature of its oxygen distribution is scientifically compelling to warrant such an effort. It will also be advantageous to select a region where regular ship surveys permit the possibility of obtaining bottle samples that can be analyzed by Winkler titration, providing for an absolute reference point. An additional criterion for region selection might include the existence of prior observations, permitting the backward extension of the newly gathered records. Finally, the existence of large range in oxygen concentrations within the water column might be beneficial, as this would allow more thorough tests of the sensor response and stability. Possible candidate regions are the high-latitude North Atlantic (Labrador and Irmiger Seas), the subarctic Pacific, the oxygen minimum zones of the tropics, and the regions around the subtropical timeseries stations HOT (Hawaii), BATS (Bermuda), and ESTOC (Canary Islands).
We envision that the pilot phase would last for about two years, in order to ensure thorough testing of the sensors and the observing array, and in order to guarantee the scientific benefit. Planning and initial steps for the global implementation will not have to wait for the end of the pilot phase. In fact, many relevant insights will likely already be available after the first year.
In order to avoid interference with the core Argo mission, the pilot phase of the Argo-Oxygen program will have to be conducted as an independent project with an independent float deployment plan. We envision that of the order of several tens of floats with O 2 sensors will be deployed in a relatively tight spatial grid, together with an initial survey of the region's oxygen distribution based on shipboard Winkler titrations. In order to obtain higher frequency data, a fraction of the floats may be programmed to operate on a faster cycle than the typical 10 day repeat cycle of Argo. This pilot phase may also be used to test other platforms and sensors, such as gliders and a range of other biogeochemical or optical sensors (see e.g. [7] ).
The Argo-oxygen program will have to bear the full cost of the floats and the sensors. As a ballpark estimate, the purchase of 100 floats with two oxygen sensors and their operation over 2 years will cost on the order of US$ 2.5 M (see Tab. 1) . Shiptime, salaries, and the cost for making the shipboard Winkler oxygen titration measurements will have to be added to this sum. Although the total cost will depend greatly on the details of the program (number of floats), the selected region, and the level of ancillary activities, it appears as if a substantial pilot project can be undertaken with a level of funding somewhere between US$ 5M to 10M.
The support of ancillary studies will be of great importance for the success of the pilot project and the demonstration of the feasibility and usefulness of the Argo-Oxygen program. These activities will have to include (i) sensor quality assessment studies, (ii) data assemblage and automatic quality control studies, (iii) data interpretation and interpolation studies, (iv) network design and optimization studies, and (iv) studies that attempt to incorporate the observations into modeling frameworks (using diagnostic or inverse methods) in order to take advantage of process information. In addition, the pilot studies would benefit from the incorporation of atmospheric oxygen measurements in order to independently assess the integrated changes in oceanic oxygen over the study region.
While no large-scale concerted Argo-Oxygen project has been funded so far, the rapid increase of oxygen equipped floats have de facto already created a number of smaller-scale pilot studies. While none of them have reached the desired density to fully assess oxygen variability, a few regions are close (Fig. 5) . In addition, a project got recently funded to deploy several oxygen sensor equipped floats around the time-series sites HOT, BATS, and Station "P".
Data from these sensors are transmitted together with the regular Argo T/S data, and stored in the Argo data systems. However, no standardized quality control is in place yet. However, primary and secondary quality control procedures are currently developed by the community and one can anticipate that they will be implemented at the data centers once they have been thoroughly tested. In addition, several modeling groups have begun to explore the possibility of incorporating oxygen data into their assimilation models (see e.g. [30] ).
Global Implementation
With the objective being a global one, only a global implementation of the Argo-Oxygen program will be able to achieve this goal. However, it is presently not yet known what sampling density will be required. As a first assumption, it is likely that the de-correlation length scale of oxygen variability is similar to that of temperature, so that eventually all ˜3000 floats will have to be equipped with an oxygen sensor.
Once the pilot studies have remedied some of the outstanding issues with regard to oxygen sensors, such an array can be built up over the time it takes to completely restock the present Argo array, which is about 5 years.
For the cost estimate, we assume that Argo is maintained, so that the Argo-Oxygen program would have to bear only the additional costs over and beyond the core of Argo. Assuming that the Argo-Oxygen goes for a full density coverage, about 600 floats need to be instrumented, deployed, and maintained per year.
Assuming an extra cost of US$ 7000 per float over 5 years, i.e. US$ 1400 per float and year (see Tab. A particularly attractive option is to combine this global array with extended measurements of atmospheric oxygen, as this permits to assess, in an independent manner, the net loss of oxygen from the ocean and hence to act as a check on the performance of the array. In addition, together, the two observing systems would permit a highly accurate determination of the fate of fossil fuel CO 2 .
CONCLUSION
The loss of oxygen in a warming world will pose a substantial challenge to a range of marine organisms, likely restricting the habitats of many fish and other higher organisms. This global-scale ocean deoxygenation will not occur in isolation, but concurs with ocean warming and ocean acidification, which could lead to amplification effects. The long-term loss will not occur in a smooth fashion, but will be characterized and overprinted by much smaller-scale temporal and spatial variations, so that the characterization of the long-term trend will be challenging unless a well resolved observing system is in place. The proposed Argo-Oxygen program will be well positioned to resolve such changes and to achieve its goal, i.e. "to determine seasonal to decadal-time variability in sub-surface ocean oxygen storage and transport on a global scale". The proposed program will be able to deliver much more, e.g. it can provide the data in order to determine seasonal net community and export production on a global scale, i.e. a critical element of the global carbon cycle, and it can provide critical observations to predict and assess coastal hypoxia.
The proposed Argo-Oxygen program builds on Argo, but can also make Argo more attractive by substantially enlarging its user base, and by providing links between the physical and biogeochemical user communities. The new observations will also contribute to the activities of various international networks and partnerships for Earth Observing Systems, such as the Climate Observing System/Global Ocean Observing System GCOS/ GOOS. It thus has large potential to create strong win-win situations.
